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ABSTRACT 
International Journal of Exercise Science 14(2): 295-303, 2021. The purpose of this study was to verify 
whether cooling between sets during high-intensity resistance exercise improves physical performance and to 
compare performance among different sites of cooling. It is important because delaying the muscular fatigue could 
improve total volume at a training session which could lead to greater hypertrophy. Nine healthy and recreational 
resistance training experienced men, performed six tests of a biceps curl exercise on different days. The first test 
was the one-repetition maximum test (1RM). Following, we applied five sessions, in crossover and randomized 
(counter-balanced) design. The subjects received different cooling strategies in each session for 1-min (inter-set rest 
interval): Control (C) (no Cooling); Palm Cooling (PC); Neck Cooling (NC); Local Cooling (LC) or Tunnel 
Temperature Cooling (TTC). We analyzed the maximum number of repetitions and the rating of perceived exertion 
(RPE). The Bayesian analysis showed that no cooling strategy was able to improve performance compared to 
control, and just NC, when compared to control, showed a 71% probability of increasing the total volume of 
repetitions. Also, RPE was not modulated by any cooling strategy compared to control, but NC has a chance to 
reduce individuals' RPE by 52%. In conclusion, no cooling strategy was efficient to improve physical performance 
during a high-intensity resistance exercise. 
 




Training volume, commonly defined as sets × reps × load (24), is one of the resistance training 
variables that can be manipulated to impose mechanical and metabolic stresses aiming to 
stimulate muscle hypertrophy and strength (15). During a high-intensity resistance training 
session, like a bodybuilding routine, a set is made until failure (25). This fact leads to a 
decrease in the number of repetitions in subsequent sets as a result of accumulated fatigue (1), 
especially when rest between sets is short (i.e., 1 minute) (25). Thus, delaying the fatigue 
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process could improve total volume at a training session which could lead to greater 
hypertrophy (24, 29). 
 
There is an association between body temperature increase and fatigue during physical 
exercise (19). Aiming to lower body temperature during exercise, scientists have been studying 
the effects of body cooling on improving physical performance (23). Cooling strategies can be 
applied at different times, before (3), during (26), or after (16) exercise. Moreover, the cooling 
technique applied in non-specific locations (11, 12) and local exercised muscle (9, 30) has been 
used to delay fatigue. During a resistance exercise session, a cooling strategy has been used 
between sets to maintain a high number of repetitions (i.e., volume) (9). Although there are 
some conflicts in the literature, studies have shown that cooling could improve performance 
(2, 7). 
 
When applying cooling on exercised muscle (local) (9), or far from it (11), we can observe a 
performance improvement. Galoza et al. (9) compared performance in resistance-trained 
subjects through a cooling and a non-cooling group. They performed four sets of biceps curls 
until muscle failure with 70% of 1 maximal repetition (1RM) and 1 min inter-set rest interval. 
During rest intervals, the cooling group had the ice bag applied to each brachial biceps muscle. 
The researchers concluded that the use of local cooling improved performance when 
compared to the control group. In another study (11), researchers applied palm cooling 
between sets during high-intensity bench press exercise in sixteen trained individuals. The 
results showed that the cooling strategy increased the number of repetitions to exhaustion 
when compared with palm heating and control conditions. 
 
Different sites of cooling have distinct assumptions to explain how the cooling strategies delay 
fatigue and improve performance during exercise (2, 7). In local cooling, the performance 
improvement could be explained by a decrease in local pain (30). When applying cooling far 
from the exercised muscle, a mechanism that could explain the fatigue delay is the modulation 
of the central nervous system (CNS). Here we considered fatigue in two ways (8): 1) as a 
physical component, when contraction apparatus are harmed (e.g., cellular acidification), 
verified by the number of repetitions; 2) as a cognitive component, when muscle pain 
sensation increases, leading to exercise cessation, verified by Rating of Perceived Exertion 
(RPE). 
 
In this present study, we used different cooling strategies aiming to delay fatigue and improve 
performance during an acute session of high-intensity resistance exercise (biceps curl). We 
cooled local and distant sites to test the possible superiority of one strategy over the other 
when compared to the control. We hypothesized that cooling strategies would increase the 
total number of repetitions (volume) during high-intensity resistance exercise compared with 
no cooling condition and that different cooling sites affect performance differently. 
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We recruited nine healthy men (25 ± 4.2 years old; height 175 ± 5.6 cm; weight 74.4 ± 5.3 kg; 1RM 
44 ± 4.6 kg), with a minimum recreational resistance training experience of six months. We 
informed the volunteers about the procedures, possible discomforts, and risks involved in this 
study. All participants signed a free and informed consent. Volunteers were instructed to keep 
a similar diet 24 hours before each test, not consume any supplements during all intervention 
period, not include additional training during data collection, and not perform any resistance 
training for upper limbs 72 hours before the training sessions. A Research Ethics Committee 
approved the experimental procedures of this study which is following the Declaration of 
Helsinki. This research was carried out fully following the ethical standards of the International 
Journal of Exercise Science (18).  
 
Protocol 
The participants performed six training sessions of biceps curl exercise, separated by 6 to 8 days. 
In the first session, the subjects performed a 1RM test and their descriptive characteristics (height 
and weight) were measured by a single researcher who used a mechanical scale with a 
stadiometer (Filizola®). In the following sessions, tests were conducted in crossover and 
randomized (counter-balanced) design. In each session, we applied one of the following cooling 
strategies: Control (C); Palm Cooling (PC); Neck Cooling (NC); Local Cooling (LC); or Tunnel 
Temperature Cooling (TTC). Tests were performed at the same time of the day to not interfere 
with the circadian cycle, according to the volunteers’ availability. Laboratory temperature was 
maintained at 21ºC. 
 
We evaluated maximum strength through the 1RM test. Participants performed a warm-up 
consisting of 2 sets. The first set (5 to 10 repetitions) using 40-60% of the participants perceived 
1RM and after 1 minute of rest interval, they performed a second set (3 to 5 repetitions) using 
60-80% of the participants’ perceived 1RM. Subsequently, 3 to 5 sets and 4-minute rest intervals 
between sets were performed to determine the 1RM. The participants were instructed to 
perform two repetitions during each attempt; whenever possible, we increased the external load, 
and the subjects repeated until they were able to perform a single repetition.  
 
The exercise protocol was composed of four sets of biceps curl at 80% of 1RM, with a 1-min inter-
set rest interval. Participants performed each set until muscle failure or when the participant 
could not maintain movement velocity for two consecutive repetitions. The cooling strategy was 
applied during inter-set rest intervals (figure 1). The volunteers were instructed to keep the 
movement velocity in the concentric and eccentric phases, lasting 2 seconds each, controlled by 
a metronome. Participants were verbally encouraged to do maximal repetitions as they could 
during the exercise. The Control intervention was performed with the same exercise procedures, 
but during the inter-set rest interval, no cooling strategy was applied. The maximum number of 
repetitions achieved during each set was counted, and the RPE of the participants through the 
OMNI-RES scale immediately after each set (22). 
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Figure 1. A) Laboratory visit timeline; B) Schematic showing exercise protocol. For each visit, the treatment (Tr) 
included either palm cooling; neck cooling; local cooling; tunnel temperature cooling; or control (no cooling). We 
applied these conditions on randomized (counter-balanced) and crossover design. 
 
The cooling strategy was undertaken using two rigid ice bags (20 cm × 10 cm) on the proposed 
areas. In the PC procedure, the ice bags covered the whole palm to cool it. In the neck region, an 
ice bag was placed between the posterior cervical region and the occipital bone of the skull. For 
LC in the active muscles, the ice bags were placed in the mid-portion of the brachial biceps 
muscle of both arms (located visually). For TTC, the ice bags were placed near the nasal bone 
and tear duct. During the cooling process, the subjects remained seated on a chair. The time 
without cooling during the rest interval was ~3 - 5 seconds, a period in which the participant 
stopped doing the exercise to begin cooling and then returned to complete the next set. Before 
cooling application, the ice bags were placed in a freezer at -17oC for a minimum of 24 hours.  
 
Statistical Analysis 
Descriptive data are reported as a mean and standard deviation. To check the qualitative 
outcomes and probability to find the same results again in the future (i.e., the magnitude of the 
evidence), we applied the Bayes Factor hypothesis testing analyses. The posterior odds have 
been corrected for multiple testing by fixing to 0.5 the prior probability that the null hypothesis 
holds across all comparisons (31). Individual comparisons are based on the default t-test with a 
Cauchy (0, r = 1/sqrt (2)) prior. The "U" in the Bayes factor denotes that it is uncorrected (10, 28, 
31). The outcomes were classified as anecdotal (BF10 = 1 to 3), moderate (3 to 10), strong (10 to 
30), very strong (30 to 100), and extreme (> 100) favoring the alternative hypothesis; or anecdotal 
(BF10 = 1 to 0.33), moderate (0.33 to 0.1), strong (0.1 to 0.03), very strong (0.03 to 0.01) and extreme 
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(< 0.01) favoring the null hypothesis (Lee and Wagenmakers’ classification) (14, 21). To calculate 
the probability to find the same results again, we divided the actual BF10 value by BF10 + 1. We 




Figure 2 shows the mean of the maximum repetitions performed in each series for each cooling 
procedure. 
 
Figure 2. Total exercise volume in each cooling procedure. 
 
No cooling strategy was able to improve performance compared to control. However, neck 
cooling compared to control showed a 71% probability of increasing the total volume of 
repetitions (figure 3). 
 
Figure 3. The probability that the null hypothesis holds across all cooling procedures to the exercise total volume. 
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Rating of perceived exertion was not modulated by any cooling strategy compared to control. 
The mean (± SD) among series to the RPE was 8.2 ± 0.9 for C; 8.2 ± 0.8 for PC; 7.7 ± 0.9 for NC; 
8.1 ± 0.9 for LC and 8.1 ± 0.9 for TTC (figure 4). 
 
 





In this study, we compared the efficacy of four different cooling strategies to improve 
performance during a high-intensity resistance exercise session. Our data shows that no cooling 
strategy tested here is efficient to improve physical performance during a high-intensity 
resistance exercise. The RPE response was similar among all cooling procedures and control. 
 
A higher exercise volume to all cooling strategies was expected when compared to control, as 
showed by previous studies with PC (11), NC (27), and LC (13). The exception is the cooling on 
tunnel temperature because this is the first study considering this place. Although we have 
found that cooling strategies could not improve performance, NC had a 71% probability of 
having a positive effect, while TTC, PC and LC had a chance of recurrence of less than 51% 
(figure 3). It was hypothesized that TTC could enhance performance with cooling strategies 
because face regions presents higher thermosensitivity neurons than other body segments (4). 
Therefore, when cooling these sites, signals regarding the thermal state might be sent to the 
thermoregulation area concerning a refreshing feeling, improving performance. The same stated 
before is true to NC. Differently, PC and LC strategies had a negative magnitude of the evidence, 
indicating that these cooling sites, far from the temperature control center, do not allow a fast 
response and performance improvement. 
 
We hypothesized that cooling areas near the hypothalamus (temperature control center) (17), as 
neck cooling, can delay fatigue. In a study completed by Sunderland and co-workers (27), seven 
recreationally active men participated in an experiment involving NC or control during exercise 
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in a hot environment. The authors verified that cooling in the neck region during exercise can 
improve repeated sprint performance and they suggested that NC can improve the thermal 
comfort at the site of cooling and improve performance by reducing the body thermal strain. 
We argue that although our study was performed at room temperature 21°C, and body 
temperature probably did not reach high values that would impair performance, the CNS may 
have interpreted the thermal comfort sensation closer to the hypothalamus increased neural 
activity and best chance to improve performance when cooling was done in the neck region. 
 
Studies with LC are controversial about the improvement (9, 30) or detrimental performance 
response (5, 20). We showed that LC has a negative effect when compared to control. We have 
previously argued about the cooling site being near or far from the temperature control center 
area. Besides that, perhaps, the time of exercised muscle exposure to the cooling process could 
explain this result. Here, one minute of LC caused a possible impairment or trivial effect in 
performance, but some studies had shown an improvement of performance when 3 minutes of 
exposure were applied (9, 13). Therefore, this site of cooling had no advantage to be used when 
recovery and cooling are too short. 
 
The RPE response among interventions was similar (Figure 4). There is an association between 
lower values of RPE and better physical performance (6). Kwon et al. (11) investigated the 
efficacy of PC during 3-min rest intervals between sets on the physical performance in 
resistance-trained subjects exercising in the thermoneutral environment. The researchers 
showed a performance improvement together with a lower RPE. They attributed the 
performance improvement concerning the CNS response (lower RPE) to the altered signals sent 
by palm and blood cooling, not to cellular alterations. Our data neither support nor refute the 
assumptions of CNS as a modulator of performance because we did not observe a performance 
improvement and RPE decrease. 
 
Our findings support that different cooling sites do not affect physical performance differently, 
although the NC seems to have the best chance to improve performance. Despite the small 
sample size and few variables analyzed being a possible limitation, we performed an analysis 
model (Bayesian analysis) which is not affected by sample size. Other limitations of the study 
were, not controlling the training routine and eating habits of the participants during the 
intervention period. Cooling techniques are commonly used in sports and by resistance training 
practitioners to delay fatigue and improve performance. However, some of these techniques 
used do not seem to promote the expected performance improvement. Therefore, our results 
provide a new perspective on the use of the cooling strategy by exercise practitioners and 
professionals. Researchers should investigate the effect of cooling at different sites on exercise 
performance including more physiological and neuromuscular variables. 
 
In conclusion, cooling technique applied in different sites does not promote performance 
enhancement in a high-intensity session of resistance training. Physical performance was 
modulated positively only when the ice was applied at the neck. However, the probability to 
achieve performance enhancement again is only 71%. 
 
Int J Exerc Sci 14(2): 295-303, 2021 
 




1. Barquilha G, Ribeiro AS, Silva DRP, Oliveira JC, Azevedo PHSM, Cyrino ES. Effect of different rest intervals on 
strength resistance in both sexes. Rev Educ Fis/UEM 24(2): 261-268, 2013. 
2. Bongers CC, Hopman MT, Eijsvogels TM. Cooling interventions for athletes: An overview of effectiveness, 
physiological mechanisms, and practical considerations. Temperature (Austin, Tex) 4(1): 60-78, 2017. 
3. Choo HC, Nosaka K, Peiffer JJ, Ihsan M, Abbiss CR. Ergogenic effects of precooling with cold water immersion 
and ice ingestion: A meta-analysis. Eur J Sport Sci 18(2): 170-181, 2018. 
4. Cotter JD, Taylor NA. The distribution of cutaneous sudomotor and alliesthesial thermosensitivity in mildly heat-
stressed humans: An open-loop approach. J Physiol 565(Pt 1): 335-345, 2005. 
5. Cross KM, Wilson RW, Perrin DH. Functional performance following an ice immersion to the lower extremity. J 
Athl Train 31(2): 113-116, 1996. 
6. Doherty M, Smith PM. Effects of caffeine ingestion on rating of perceived exertion during and after exercise: A 
meta-analysis. Scand J Med Sci Sports 15(2): 69-78, 2005. 
7. Douzi W, Dugue B, Vinches L, Al Sayed C, Halle S, Bosquet L, Dupuy O. Cooling during exercise enhances 
performances, but the cooled body areas matter: A systematic review with meta-analyses. Scand J Med Sci Sports 
29(11): 1660-1676, 2019. 
8. Enoka RM, Duchateau J. Translating fatigue to human performance. Med Sci Sports Exerc 48(11): 2228-2238, 2016. 
9. Galoza P, Sampaio-Jorge F, Machado M, Fonseca R, Silva PA. Resistance exercise inter-set cooling strategy: Effect 
on performance and muscle damage. Int J Sports Physiol Perform 6(4): 580-584, 2011. 
10. Jeffreys H. Theory of probability, clarendon. In: Oxford; 1961. 
11. Kwon YS, Robergs RA, Kravitz LR, Gurney BA, Mermier CM, Schneider SM. Palm cooling delays fatigue during 
high-intensity bench press exercise. Med Sci Sports Exerc 42(8): 1557-1565, 2010. 
12. Kwon YS, Robergs RA, Mermier CM, Schneider SM, Gurney AB. Palm cooling and heating delays fatigue during 
resistance exercise in women. J Strength Cond Res 29(8): 2261-2269, 2015. 
13. Kwon YS, Robergs RA, Schneider SM. Effect of local cooling on short-term, intense exercise. J Strength Cond 
Res 27(7): 2046-2054, 2013. 
14. Lee MD, Wagenmakers E-J. Bayesian cognitive modeling: A practical course. Cambridge university press; 2014. 
15. Mangine GT, Hoffman JR, Gonzalez AM, Townsend JR, Wells AJ, Jajtner AR, Beyer KS, Boone CH, Miramonti 
AA, Wang R, LaMonica MB, Fukuda DH, Ratamess NA, Stout JR. The effect of training volume and intensity on 
improvements in muscular strength and size in resistance-trained men. Physiol Rep 3(8), 2015. 
16. Maroni T, Dawson B, Barnett K, Guelfi K, Brade C, Naylor L, Brydges C, Wallman K. Effectiveness of hand 
cooling and a cooling jacket on post-exercise cooling rates in hyperthermic athletes. Eur J Sport Sci 18(4): 441-449, 
2018. 
17. Morrison SF. Central control of body temperature. F1000Res 5, 2016. 
18. Navalta JW, Stone WJ, Lyons S. Ethical issues relating to scientific discovery in exercise science. Int J Exerc Sci 
12(1): 1-8, 2019. 
19. Nybo L, Rasmussen P, Sawka MN. Performance in the heat-physiological factors of importance for 
hyperthermia-induced fatigue. Compr Physiol 4(2): 657-689, 2014. 
20. Patterson SM, Udermann BE, Doberstein ST, Reineke DM. The effects of cold whirlpool on power, speed, agility, 
and range of motion. J Sports Sci Med 7(3): 387-394, 2008. 
21. Quintana DS, Williams DR. Bayesian alternatives for common null-hypothesis significance tests in psychiatry: 
A non-technical guide using jasp. BMC Psychiatry 18(1): 178, 2018. 
Int J Exerc Sci 14(2): 295-303, 2021 
 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
303 
22. Robertson RJ, Goss FL, Rutkowski J, Lenz B, Dixon C, Timmer J, Frazee K, Dube J, Andreacci J. Concurrent 
validation of the omni perceived exertion scale for resistance exercise. Med Sci Sports Exerc 35(2): 333-341, 2003. 
23. Ruddock A, Robbins B, Tew G, Bourke L, Purvis A. Practical cooling strategies during continuous exercise in 
hot environments: A systematic review and meta-analysis. Sports Med 47(3): 517-532, 2017. 
24. Schoenfeld BJ, Ogborn D, Krieger JW. Dose-response relationship between weekly resistance training volume 
and increases in muscle mass: A systematic review and meta-analysis. J Sports Sci: 1-10, 2016. 
25. Schoenfeld BJ, Ratamess NA, Peterson MD, Contreras B, Sonmez GT, Alvar BA. Effects of different volume-
equated resistance training loading strategies on muscular adaptations in well-trained men. J Strength Cond Res 
28(10): 2909-2918, 2014. 
26. Stevens CJ, Taylor L, Dascombe BJ. Cooling during exercise: An overlooked strategy for enhancing endurance 
performance in the heat. Sports Med 47(5): 829-841, 2017. 
27. Sunderland C, Stevens R, Everson B, Tyler CJ. Neck-cooling improves repeated sprint performance in the heat. 
Front Physiol 6: 314, 2015. 
28. Team J. Jasp (version 0.8. 6). Computer software 2018. 
29. Terzis G, Spengos K, Mascher H, Georgiadis G, Manta P, Blomstrand E. The degree of p70 s6k and s6 
phosphorylation in human skeletal muscle in response to resistance exercise depends on the training volume. Eur 
J Appl Physiol 110(4): 835-843, 2010. 
30. Verducci FM. Interval cryotherapy decreases fatigue during repeated weight lifting. J Athl Train 35(4): 422-426, 
2000. 
31. Westfall PH, Johnson WO, Utts JM. A bayesian perspective on the bonferroni adjustment. Biometrika 84(2): 419-
427, 1997. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
